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ABSTRACT 


This study examines technology use in Canada’s manufacturing sector, and how a set of 
technology-using manufacturing establishments performed relative to non-users. Data originates 
from a recent Statistics Canada survey, asking manufacturing firms about their use of 22 advanced 
manufacturing technologies, and panel data taken from the Census of Manufacturers. 


Results show that the use of advanced manufacturing technology is widespread, especially 
in large firms, that multiple-technology use is the norm, and that technologies are generally 
combined within, as opposed to across, production stages. The technology revolution has been 
felt more in the area of inspection and communications, and less in fabrication and assembly. In 
terms of performance, technology-using establishments pay higher wages, enjoy higher labour 
productivity, and are gaining market share at the expense of non-users. 


Keywords: technology, labour markets, wage rates, competition. 
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EXECUTIVE SUMMARY 


Technology Use and Industrial Transformation: Empirical Perspectives outlines how 
advanced computer-based technologies are transforming the manufacturing sector, and how a set 
of technology-using establishments have performed relative to non-users. 


Results are based on the linkage of a Statistics Canada technology survey to panel data 
taken from the Census of Manufacturers. This permits an evaluation of the nature of technology 
use in Canada, as well as a comparison of the market share, productivity, employment share, and 
wage rates of establishments using, and not using, advanced manufacturing technologies. The 
findings are: 


The extent of technology use in the Canadian Manufacturing Sector 


e Technology use in Canada is widespread, particularly in large firms--advanced 
manufacturing technology is used in 48% of manufacturing establishments, accounting for 
88% of manufactured goods. 


e Users generally adopt more than one technology. Only 5% of manufacturers’ shipments 
are produced by single-technology users, while 82% are produced by multi-technology 
users, with 56% being produced by establishments using 5 or more technologies. 


e Technology use varies across the six stages of the production process--design and 
engineering, fabrication and assembly, automated materials handling, inspection and 
communications, manufacturing information systems, and integration and control. 


e The computer-based revolution has been felt more in the area of knowledge acquisition 
and less in the making, cutting, and assembling process. The most widespread use of 
technology is in the area of inspection and communications. Some 79% of shipments 
originate in establishments using these technologies. The use of fabrication and assembly 
technologies lags behind, accounting for just 47% of shipments. 


e Even though multiple technology use is the norm, combining technologies across different 
stages of the production process is not widespread. Generally, establishments combine 
technologies within one or two specific production stages as opposed to across many, or 
all, of the stages. 


Performance of Technology Users 


e Establishments using advanced technologies in their manufacturing processes gain market 
share at the expense of non-users. Relative market share grows most rapidly in 


36% 


establishments using fabrication and assembly technologies, and those able to effectively 
combine and integrate technologies at different stages of the production process. 


Technology users enjoy a significant labour productivity advantage over non-users, with 
the exception of those establishments using fabrication and assembly technologies 
exclusively. In the 1980’s, this advantage grows for all establishments except those using 
design and engineering technologies. Relative labour productivity grows fastest in those 
establishments using inspection and communications technologies, and those able to 
combine and integrate technologies across stages in the production process. 


Technology users offer a higher average wage rate than non-users in 1980, and this 
differential widens over the decade. The wage rate differential widens the most in 
establishments whose technologies are associated with the highest initial relative wages. 
Thus, growing income inequality is associated with patterns of technology use. 


1. Introduction 


The introduction of the computer into the manufacturing process has ushered in a new 
industrial revolution.’ At the heart of this revolution are advances that have been made in 
microelectronics. Computers are transforming the technology set and changing the way in which 
manufacturing establishments do business--by changing the way products are designed and 
engineered, the cutting and shaping of parts, the assembly process, the planning and control of 
materials requirements, and the integration of these various processes. Computer-controlled 
equipment produces goods quickly without sacrificing quality, and offers a wide choice of 
products, produced exactly as needed. By using computer-based technologies, manufacturers can 
respond quickly to changes in consumer attitudes and preferences. 


The new industrial revolution is associated not just with the spreading use of stand-alone 
computers, but also with their integration into other goods and their combination with services. 
Chips and computers are being increasingly imbedded into machines and processes in the 
industrial system. Once computers were only awkward appendages attached to tools; now they 
(or more properly, their components like micro-chips) are being integrated into machines. 
Integration has also occurred because computer-based technology is being bundled with a 
concept, sold as a service, and integrated into the production process. For example, the materials 
planning process makes use of computers, but the cost of the computers that are integral to the 
process makes up a small fraction of total costs. The input into the manufacturing process-- 
materials planning--combines both product and service, and the service costs often far outweigh 
the cost of the manufactured product. 


The spread of computer-based technology has occurred steadily over the last two decades 
as organizations have incorporated the new technologies into different facets of the production 
process. Firms have slowly learned how to make use of various computer-related technologies. 
While the advantages are readily appreciated, difficulties in determining the manner in which 
organizations can best exploit them have resulted in a slow and uneven adoption rate across the 
spectrum of commercial technologies that now exist. 


Other major transformations of the industrial system have also taken some time. The 
introduction of electric power sources into the industrial system was spread over three to four 
decades. Electric motors were first used as stand-alone devices to power machines, then were 
added on to machines, and finally were directly incorporated into the machines. The census of 
1901 first began to measure the horsepower of electric motors, and only 7% of total horsepower 
is listed as coming from electric motors in the manufacturing sector in that year. By 1911 this has 
increased to 20%, to 50% by 1921, and to 74% by 1930. By the end of the thirties, the census 
authorities warned that the statistics on electrical horsepower were no longer reliable indicators of 
motive power because electrical motors had become so integrated into machines that firms had 
difficulty reporting the electrical horsepower at their command. It is clear, then, that the length of 
period associated with the introduction of electricity--from the first adoption of the technology to 
its being largely imbedded into investment goods--took nearly forty years. 
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New industrial revolutions proceed slowly because of the large number of complementary 
goods and services that are required before the technology can find useful applications in a wide 
range of industries. The correct combination requires considerable trial and error. Mature 
technologies can be incorporated into the production process with the use of blue prints. When 
knowledge is readily codified and transferred, diffusion is quite rapid. By way of contrast, the 
introduction of new technologies during the early phases of an industrial transformation is more 
akin to prototype construction. Plans are still used, but the final product often diverges from the 
initial specifications. Progress in the early phase of the new industrial transformation requires 
flexible adoption. Search takes place through a learning-by-experimentation process. 


During the transformation period, solutions that make use of the new technologies are 
only gradually incorporated into the production process. Which experiments will turn out to be 
successes, and which are destined to become failures, is often an enigma. As such it is sometimes 
difficult to see the shape that the industrial transformation is taking. 


This paper provides such an evaluation for one particular industrial sector--manufacturing. 
Because of long-standing interest in this sector, taxonomies have been developed to measure 
computer-based advanced technology usage. Surveys have been taken of technology use 
employing these taxonomies. We can therefore depict the pattern that is being followed by the 
latest technological revolution. By linking the surveys to longitudinal data on the performance of 
survey respondents, we can also begin to evaluate the effect that technological adoption is having 
on industry participants. 


2. Classification of Advanced Manufacturing Technologies (AMTs) 


Computer-based technologies have penetrated all parts of the production process. 
Computer-aided design and engineering is used in the early stages. Numerically controlled (or 
computer numerically controlled) machines are part of the cutting and assembly process. 
Computers aid the communication and inspection process either by providing information through 
local area networks (LANs) or through computers on the factory floor. Computers are also basic 
to materials planning systems. While computers have stimulated the development of individual 
components of the production process, they are also central to those systems that bring the 
components together into one integrated whole. 


2.1 Functional Groups 


Information about the use of 22 advanced manufacturing technologies is available from the 
Survey of Manufacturing Technology (SMT) that was conducted by Statistics Canada in March 
1989. The survey asked establishments in the manufacturing sector to indicate their use, planned 
use, or non-use of 22 separate advanced technologies.’ All of these new technologies are the 
result of applying the computer to various facets of the production process. 


So. 


To examine how the use of advanced manufacturing technologies differs across stages of 
the production process, the 22 technologies considered here are classified into 6 functional 
groups (Table 1). The functional categories are: design and engineering, fabrication and 
assembly, automated materials handling systems, inspection and communications, manufacturing 
information systems, and integration and control. 


There are three technologies in the design and engineering group. Computer-aided 
design (CAD) and engineering (CAE) uses the computer to design and test parts or products. 
Computer-aided manufacturing (CAM) utilizes CAD output to control machines used in the 
manufacturing of the part or product. Digital representation of CAD output is used to control 
machines used in manufacturing parts or products. 


Table 1 
Advanced Manufacturing Technologies by Functional Group 


Functional Group Technology 


8 
Numerically Controlled (NC) Machines 
Computer Numerically Controlled (CNC) Machines 


Materials Working Lasers 
Pick & Place Robots 
Other Robots 
Inspection and Automatic Inspection Equipment - Inputs 
Communications Automatic Inspection Equipment - Final Products 


Local Area Network for Technical Data 
Local Area Network for Factory Use 
Inter-Company Computer Network (ICCN) 
Programmable Controllers 

Computers used for control in factories 


Integration and Control Computer Integrated Manufacturing (CIM) 
Supervisory Control & Data Acquisition (SCADA) 
Artificial Intelligence/Expert Systems (AI) 
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The fabrication and assembly group consists of five technologies. Flexible — 
manufacturing systems (FMS) are machines controlled by computers or programmable 
controllers, which have fully integrated material handling capabilities able to accept raw materials 
and deliver finished products. Computer numerically controlled (CNC) machines are controlled 
by a computer imbedded in the machine. Materials working laser(s) are used for welding, cutting, 
scribing, and marking. Pick and place robots transfer items by means of point-to-point moves. 
"Other" robots are used to perform repetitive tasks like cutting, welding, drilling, or painting 
through specific, programmed motions. 


Automated materials handling systems include automated storage and retrieval systems 
(AS/RS) and automated guided vehicle systems (AGVS). AS/RS use computer-operated 
equipment for the handling and storage of parts, materials, goods-in-progress, and finished goods. 
AGVS are vehicles equipped with computer-controlled automatic guidance devices, capable of 
transporting parts, materials, goods-in-progress, and finished goods between points on the factory 
floor. 


The inspection and communications group is made up of two inspection and five 
communication technologies. Inspection technology consists of automated sensor-based 
equipment, able to test both incoming materials and outgoing final goods to ensure they meet 
specifications. Communications technologies include local area computer networks (LANs), to 
exchange technical information between different points in the production process, wide area and 
inter-company computer networks to link plants to subcontractors, suppliers, and/or customers, 
and programmable controllers, which are solid state industrial control devices capable of being 
programmed to perform switching functions. 


A sub-group of the previous set of technologies consists of automatic control devices. It 
is comprised of the two "factory floor" technologies from the inspection and communications 
group-- programmable controllers and stand-alone computers used for control on the factory 

floor. 


Manufacturing information systems include materials requirements planning (MRP), 
and manufacturing resource planning (MRP II). MRP uses the computer to keep track of orders, 
inventories, and finished goods. MRP II uses the computer to manage the loading and use of 
machines, as well as inventory control and material handling. 


The final group, integration and control, consists of sophisticated technologies designed 
to integrate the various production stages through the computer. Included in this group are 
computer integrated manufacturing (CIM), a totally automated factory where all processes are 
integrated and controlled by a central computer, supervisory control and data acquisition 
(SCADA), which involves “real-time” monitoring and control of production processes, and 
artificial intelligence, which is the ability of machines to learn from experience and perform tasks 
usually attributed to human intelligence. 
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22 Combinations of Functional Groups 


In addition to examining the penetration of individual technologies within functional 
categories, we shall also consider how establishments combine technologies across groups. For 
this study, three combinations of functional groups will be used to explore the nature of the 
complementarity of technologies across functional groups. 


The first combines technologies used in design and engineering, fabrication and assembly, 
inspection and communications, manufacturing information systems, and integration and control-- 
all the functional groups with the exception of automated material handling technologies. This 
mix of functional groups represents comprehensive technology use in a fully integrated factory. 
Automated material handling has been excluded because it has by far the lowest adoption rate of 
the six functional groups (20.9%), suggesting that it involves highly specialized technologies 
which are not applicable to, or compatible with, most production processes, and should not be 
included in a measure of comprehensive technology use. 


The second combination is similar to the first, except that integration and control has been 
omitted. This combination represents comprehensive technology use which is not fully 
integrated. 


The third combination represents the use of technologies focused on the factory floor 
production process, within a fully integrated factory. These include technologies from the 
fabrication and assembly, automatic control device (the sub-group of inspection and 
communications which is comprised of programmable controllers and in-factory computers for 
control), and integration and control groups. 


2.3 Technology Groups 


Taking the six individual functional groups and the three combinations of functional 
groups together yields a set of nine technology groups for study. When the terms functional 
group or combination are used explicitly, they refer only to that particular subset of the 
technology groups. 


AR Extent of Technology Use in Canada 


The pattern of technology use can be described as extensive, intensive, or comprehensive. 
Extensive use represents the degree to which establishments employ more than one advanced 
technology, regardless of the functional group to which it belongs. Intensive use is the degree of 
technology adoption at the level of the functional group--design and engineering, fabrication and 
assembly, inspection and communications, automated material handling, manufacturing 
information systems, and integration and control--or at the level of the individual technology. 
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Finally, comprehensive technology use measures the extent to which at least one technology from 
each of several functional groups is employed--the three combinations. 


Two different weighting strategies (shipment and establishment weights) are used in this 
study. Weighting in accordance with shipment value establishes a link between the use of 
technology and the economic contribution of establishments, giving greater importance to 
establishments of larger size. Weighting in terms of the number of establishments does not 
distinguish between establishments of different economic weight, and indicates only the extent to 
which technology use is widespread among manufacturing plants in Canada. In what follows, the 
shipment-weighted adoption rates are emphasized. 


3.1 Use of Advanced Manufacturing Technologies (Extensive Use) 


Advanced technologies are used extensively in the Canadian manufacturing sector. 
Almost half (48%) of manufacturing establishments use at least one advanced manufacturing 
technology. However, when the economic weight of the users is considered, it is apparent that 
the new industrial revolution touches, in some form, most of the production of the manufacturing 
sector. Some 88% of shipments are produced in establishments that use at least one of the 
advanced manufacturing technologies (Table 2). Moreover, multiple technology use is the norm. 
A mere 5% of shipments are produced by single-technology users compared to 56% for 
establishments using at least 5 technologies. 


Table 2 
Adoption Rate by Number of Technologies, 1989 


Number of Adoption Rate Adoption Rate 
Technologies (% of Establishments) (% of Shipments) 
0 a7 1B 

1 12 5 

2to4 22 26 

5 to9 | 11 33 

10 or more 3 23 

At least 1 48 88 


LW Technology Use Within Functional Groups (Intensive Use) 


While advanced manufacturing technologies have come to affect most output, their use 
varies considerably across functional groups. The intensity of technology use within functional 
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groups is summarized in Table 3 (Rows 1 to 7). The establishment-weighted adoption rate of a 
functional group is the percentage of establishments that use at least one technology from the 
particular group in question. The shipment-weighted adoption rate measures the percentage of 
shipments produced by technology users, and approximates the relative market share of 
technology users employing at least one technology within a particular functional group. Non- 
technology users are those establishments that do not use any technologies within the functional 
group, although they may use the technologies of other groups. 


The functional group with the highest shipment-weighted adoption rate is inspection and 
communications (group 4). Some 79.0% of shipments in 1989 come from establishments using 
technologies from the inspection and communications group. The high adoption rate attributed to 
this particular group of technologies is due mainly to the use of automatic control devices-- 
programmable controllers and stand-alone computers used for control on the factory floor--the 
sub-group of the inspection and communications class (group 4A, see Table 3), whose shipment- 
weighted adoption rate is 67.1%. 


Table 3 
Adoption Rate by Technology Group, 1989 


Technology Group Group Adoption Rate Adoption Rate 
Number (% of Establishments) (% of Shipments) 


Design and Engineering 1 192 a1 
Fabrication and Assembly 2 21.0 . 46.7 
Automated Materials Handling Systems 3 6.0 18.4 
Inspection and Communications 4 32.9 79.0 
Automatic Control Devices 4A 20.9 67.1 
Manufacturing Info Systems ) 18.4 Slee 
Integration and Control 6. 9.4 39.8 
Combination 1 Ci is) 14.9 
Combination 2 — O92 4.4 22.8 
Combination 3 C3 2.8 23% 


The inspection and communications group is followed by design and engineering (52.1%), 
manufacturing information systems (51.2%), fabrication and assembly (46.7%), integration and 
control (39.8%), and automated materials handling systems (18.4%). While the computer-based 
revolution is often described in terms of its effects on fabrication and assembly, its greatest impact 
so far has been in the area of inspection and communications. Computers provide knowledge; 
the application of that knowledge to the actual fabrication and assembly process has been 
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somewhat slower. Pulling the various processes together via integration and control technologies 
is even less common. 


3.3. Technology Use Across Functional Groups (Comprehensive Use) 


Extensive technology use does not translate into comprehensive use--adoption rates for 
the combinations of functional groups are low (Table 3, Rows 8, 9, and 10). Combination 1 
(comprehensive technology use within a fully integrated factory) has a shipment-weighted 
adoption rate of only 14.9%. Combination 2 (comprehensive technology use without integration) 
has an adoption rate only slightly higher--22.8%. Combination 3 (production-based use within a 
fully integrated factory) has the highest adoption rate of the three combinations, but still only 
accounts for 23.3% of shipments. Even though multiple technology use is the norm, combining 
technologies across functional groups is uncommon. Generally, establishments adopt technologies 
specific to one or two functional groups. 


3.4 Patterns Of Use Within Functional Classes 


Since technologies are not generally combined across functional groups but multiple 
technology use is the norm, technologies within the same functional groups tend to be combined. 
Whether adoption rates are relatively uniform between technologies of the same functional groups 
is examined here. 


Table 4 summarizes the adoption rates of individual technologies. Only the design and 
engineering functional group is dominated by a single technology--CAD/CAE has an adoption 
rate of 49%, at least two and a half times higher than the two other technologies in this group. In 
all other functional groups, the adoption rates are more evenly distributed. The best example of 
this is found in the inspection and communications group, where five of the seven technologies 
have adoption rates between 31% and 41%. 


3.5 Summary 


To summarize, the computer has changed many aspects of the manufacturing process. 
Cheap processing power, large storage capacities, and efficient networking capabilities have 
allowed both large and small establishments to join this revolution. Inspection and 
communications is the functional group most affected by these changes, containing six of the 10 
most used technologies. The success of the inspection and communications group, as a whole, is 
due to the relatively high adoption rates of each of the technologies belonging to this group, 
rather than to the dominance of one technology (see Table 4). 


In contrast, the use of sophisticated advanced technologies in the fabrication and assembly 
process has progressed less quickly. Moreover, few establishments combine several technologies 
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from different functional groups. Partly because of this lack of breadth, few establishments use 
integrative technologies. The computer-based revolution, then, has mainly occurred in the area of 
knowledge acquisition. Computers have been put to work acquiring, digesting, and disseminating 
information. They are not yet making, cutting, and assembling on the same scale. 


Table 4 
Adoption Rate by Individual Technology, 1989 


Functional Adoption Rate Adoption Rate 
Group Technology (Percent of (Percent of 
Establishments) Shipments) 


cells/systems ’ 

Numerically controlled machines 14.1 29.6 
Materials working lasers 2.0 9.3 
Pick and place robots 3.4 14.9 
Other robots 2 15.6 
4 Auto inspection equipment for inputs ; 30.7 
Auto inspection equipment for final products ; 34.9 

_ LAN for technical data i 40.8 
LAN for factory use : 36:7 
Inter-company computer networks 4. 35.4 
Programmable Controllers : ; 63.6 


aLCHais FESOUICE PianiHn 
Computer integrated manufacturing 
Supervisory control and data acquisition 6.5 339 
Artificial intelligence and expert systems 1.6 6.5 


4. Performance Indicators 


While the SMT survey data can tell us where advanced manufacturing technologies have 
made the most progress, they alone cannot describe the effect on an establishment of using them. 
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Establishments adopting technologies need to be tracked and compared to those not using 
technologies. 


In order to follow the progress of technology users, the 1989 technology survey is linked 
to longitudinal panel data back to 1980, taken from the Census of Manufacturers.* This panel of 
some 4,200 plants is treated as a study group for purposes of analysis. The study group accounts 
for some 10% of the population but 50% of total shipments in the universe, and therefore 
represents primarily large plants. 


Treating the panel as a study group means we are interested only in the experience of this 
large group of observations--a group which covers the large plant population in a comprehensive 
fashion. We do not extrapolate the experience of this group to the population here, because to do 
so would mean expanding coverage to an additional 30,000, mainly small, plants with different 
technology usage rates. In a later section, however, we do perform this exercise and provide 
population estimates. 


The study group is divided into technology users and non-users on the basis of their 
answers to the 1989 survey. The market” and employment shares for technology users and non- 
users in the sample are calculated for each of the intervening years back to 1980. In addition, the 
income of production workers and productivity per worker are calculated for each of these two 


groups. 


Changes in market share reveals the extent to which technology use has increased--both 
because technology users grow more rapidly than non-users, and because more establishments 
have become users. Changes in relative labour productivity, employment share, and relative wage 
rates demonstrate the effect of advanced manufacturing technologies on the input mix. Changes 
in relative labour productivity can stem from higher skill requirements associated with the new 
technology, or from increases in capital-labour intensity brought about by the adoption of new 
technology. Changes in employment share are the net result of market-share and labour- 
productivity growth. Changes in relative wages may be the result of changes in the demand for 
skilled labour, increases in productivity, or an increase in the complexity of products or 
production processes. 


Technology use for this exercise is defined as the adoption of at least one technology from 
a technology group--design and engineering, fabrication and assembly, automated materials 
handling systems, inspection and communications, manufacturing information systems, and 
integration and control, or one of the combinations defined previously. We are interested in 
differences in the patterns of change in the relative market share, wage rate, employment share, 
and labour productivity across different technologies. This technique does not control for 
technology use across categories except through the combinations defined previously. We are 
interested, for example, in whether establishments using design and engineering technologies do 
better as a whole, not whether they do better when combined with a particular communications 
technology... 
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4.1 Market-Share Growth 


The market-share analysis proceeds in two stages. In the first stage, the market share of 
users and non-users is calculated for manufacturing as a whole. Market-share growth here is the 
joint result of users doing better than non-users in a particular industry and of those industries 
where technology use is higher gaining in size relative to others. We then ask whether the same 
phenomenon exists when market shares are calculated at a finer industry classification level. 
Relative labour productivity, employment share, and wage-rate measures will be treated in the 
same manner. 


Since the information on technology use is taken only from the 1989 survey, there will be 
some error in Classification in earlier years that makes our test only a weak one of the growth of 
advanced technology use. Establishments that were non-users in 1989 were very likely to have 
been non-users earlier; but establishments that were users of advanced technologies in 1989 were 
not necessarily users earlier in the decade. Hence the aggregate market share of technology users 
is biased upwards in earlier years because technology users in 1989 who may not have been so in 
1980 are included as users for the entire period. This bias is gradually reduced over time until it 
reaches zero in 1989. Consequently, growth of the aggregate market share of technology users is 
biased downward. | 


Figure 1: Relative Market Share of the Fabrication 
and Assembly Technology Group 
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In technology groups where a sufficient number of technology users in 1989 were non- 
users in 1980, and where non-use results in significant market-share loss, the market share of our 
“technology-using” group will fall before it rises. The market-share curves of these technology 
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groups will be S-shaped--initially negatively sloped reflecting the inclusion of shrinking non- 
technology users, then positively sloped as non-users become users, and finally exhibiting 
diminishing growth as adoption rates approach a ceiling. This pattern of market-share growth is 
found in the fabrication and assembly group (Figure 1). The design and engineering group and all 
three combinations are also characterized by similar curves, all of which reach their lowest point 
in 1982. Market-share growth rates will, therefore, be calculated using 1982 as the base year. 
Even so, there is still likely to be a downward bias in the market-share growth rates that are 
reported here. 


4.1.1 Market-Share Growth By Technology Group, National Level 


Technology users in all functional groups have gained market share at the expense 
of non-users (Table 5). Establishments using advanced manufacturing technologies are 
supplanting those who do not. The size of the market-share growth rate° of users varies across 
groups, but is everywhere positive (Table 5 and Figure 2). It is highest for users of fabrication 
and assembly technologies (10.0%). No other individual functional group has a growth rate even 
half as large. Fabrication and assembly is followed by manufacturing information systems (3.2%), 
inspection and communications (2.9%), design and engineering (2.2%), automated materials 
handling systems (2.0%), and integration and control (0.2%). 


Table 5 
Relative Market Share of Technology Users (Shipment weighted) 


Technology Group Group Relative Relative | Market-Share 

Number Market Share Market Share Growth Rate 
1982 (%) 1989 (%) (%) 
Design and Engineering 1 55.0 56.2 ZZ 
Fabrication and Assembly 2 44.0 48.3 10.0 
Automated Materials Handling Systems 3 20.1 205 20 
Inspection and Communications 4 79.2 81.4 2.9 
Automatic Control Devices 4A 69.7 70.9 1.8 
Manufacturing Info Systems =) 51.8 = CBs) 3.2 
Integration and Control 6 45.8 45.9 0.2 
Combination 1 Cl 16.9 18.7 10.7 
Combination 2 CZ Oo 26.1 25 
Combination 3 C3 23.9 VA Re) | Ps 
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All three combinations are characterized by higher rates of market-share growth than any 
of the functional groups. Combination 1 (comprehensive technology use with integration) grows 
at a rate of 10.7% over the ten-year period. The comprehensive but non-integrated group, 
combination 2, shows a slightly higher growth rate of 12.3%. The highest rate of growth (15.3%) 
occurs for combination 3, integrated factory-floor technologies (fabrication and assembly, 
automatic control devices, and integration and control technologies). 


Figure 2: Growth Rate of Market Share, 1982-1989 
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(Note: the median rate of growth is significantly greater than zero for each technology group) 


The highest market-share growth rate is associated with the broad integration of 
technologies from multiple functional groupings. The fabrication and assembly functional group 
(group 2) may have the highest rate of growth of the individual groups (10.0%), but combining it 
with technologies from certain other functional groups increases the growth rate compared to that 
found for technologies taken from fabrication and assembly alone. When fabrication technologies 
are combined with automatic control devices and integration technologies (combination 3), users 
achieve the highest growth rate (15.3%). Therefore, the technologies that best complement 
fabrication and assembly technologies are to be found in related technology groups. Furthermore, 
comprehensive use which includes fabrication and assembly technologies, whether integrated 
(combination 1) or not (combination 2), also improves market-share growth over fabrication and 
assembly technologies used alone. Thus, establishments that have been able to combine 
technologies across functional groups in an effective fashion have had the fastest market-share 
growth. 


While the rate of change of relative market share is useful in understanding how rapidly 
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market share has changed within a technology group, using it to compare growth rates between 
functional groups tells only part of the story if the base-year adoption rates differ. An alternate 
success standard for comparisons across technology groups is the percentage point change in 
market share (the difference between the 1982 and 1989 market shares). 


Using this criterion, fabrication and assembly is still the individual functional group with 
the largest market-share increase (4.4 percentage points), but it now ranks higher than any of the 
combinations, as well. Combination 3 is second at 3.7 percentage points, followed by 
combination 2 at 2.9 percentage points. The inspection and communications group increases its 
relative importance and is next, with a 2.3 percentage point change in relative market share. It 
now ranks above combination 1, at 1.8 percentage points. The other groups--manufacturing 
information systems at 1.7, design and engineering at 1.2, automated materials handling systems 
at 0.4, and integration and control at 0.1 percentage points--still experience the slowest growth. 


4.1.2 Market-Share Growth by Technology Group, Industry Level 


That technology users have increased their market share may be the result of 
changes in the industrial structure. Industries that are not amenable to AMT use may have been in 
decline over the 1980s. To investigate the extent to which this was the case, market shares of 
technology and non-technology users are calculated at the two-digit industry level. This allows us 
to investigate whether gains in market share for technology users are the norm across industries. 
We also ask whether there are some industries in which advanced technologies appear to have had 
little effect. This is done by investigating whether there are some industries where advanced 
technology use has resulted in little or no market-share gain. 


To do so, market-share growth rates are examined from two perspectives (Table 6). 
First, industry market-share growth rates within technology groups are compared across 
industries to determine whether success is widespread, or limited to a small number of industries. 
Second, data on market-share growth rates by industry across technology groups are investigated 
to determine whether, in particular industries, there are competitive advantages conferred upon 
establishments for most of the types of advanced technology options investigated here. 


Of the 15 industries, increases in market share are enjoyed by at least 10 in each of the 
functional groups. Establishments using fabrication and assembly technologies gained market 
share in 12 of the 15 industry classifications. Close behind are integration and control, 
manufacturing information systems, and inspection and communications groups, each with 11. 
Design and engineering and automated materials handling systems each have ten industries 
gaining market share at the expense of non-using establishments. Market-share growth, due to 
technology use within a functional group, is to be found in most industries. 


Market-share growth is less prevalent at the industry level for the technology 
combinations, especially when the technologies are integrated. Some 11 industries are 
characterized by growing market shares in establishments using comprehensive but non-integrated 
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technologies (Combination 2). This falls to 10 industries for those establishments using integrated 
production-based technologies (Combination 3). The number of industries experiencing a market- 
share gain from comprehensive and integrated technology use (Combination 1) is just 8. While 
national data indicate that the relative market share is growing fastest for establishments able to 
overcome the barriers associated with combining technologies across functional groups, these 
combinations are advantageous only in certain industries. 


Table 6 : 
Sign of Market-Share Percentage Point Change by Industry, for the Technology Groups 
(shipment weighted) 


Technology Group 
Industry 1 2 3 4 4A 5 6 C1 C2 C3 


1.8 XD 3.0 


National Level 12 a 0.4 23 1:3 17 0.1 


++ percentage point change = 5.0 -- percentage point change < - 5.0 
+ 0 <percentage point change<5.0 - -5.0 < percentage point change < 0 


5 BD) = 


In some industries, few technologies are associated with market-share gain. For others, 
gains from technology use are realized for most of the technologies dealt with here. Technology- 
using establishments in the leather, textile, and clothing, furniture, primary metal, machinery, and 
miscellaneous manufacturing industries generally gain market share. This is not the case for 
rubber and plastics, and transportation equipment. 


4.2 Relative Labour Productivity 


Changes in market share result from inherent benefits associated with technology use--the 
development of new, improved, less expensive or more reliable products. That success is also 
accompanied, or caused by, changes on the input side that are manifested in changes in the 
relative labour productivity, employment share, and relative wage rates of technology users. 


The increased labour productivity that occurs in establishments using advanced 
technologies may result from the need for increasingly skilled workers to operate and/or service 
the new technology, or from an increase in the capital-labour ratio. These are direct results of the 
use of advanced technologies. Increased labour productivity may also be the result of 
organizational change, emphasis on total quality management, and the use of "work teams'-- 
practices that have recently been implemented in an attempt to cut costs and improve 
productivity. The latter are indirectly related to the use of advanced technologies. Generally, 
changes in labour productivity that are associated with new technology use occur because 
superior establishments make correct decisions in several different areas simultaneously (Baldwin 
and Johnson, 1994a). 


4.2.1 Relative Productivity Growth By Technology Group, National Level 


In order to examine changes in relative labour productivity, the ratio of output per 
production worker for technology users to non-users over the period 1980 through 1989* is 
calculated. Technology use is based on the same categories that were employed for the market- 
share analysis. 


Since technology use is based on the 1989 survey, this index provides a weak test of the 
change that occurs in technology users relative to non-users. Some establishments classified as 
users based on 1989 evidence will be non-users earlier in the period. Evidence of this is to be 
found in the shape of the relative labour productivity index for the fabrication and assembly, 
comprehensive and integrated technology (combination 1), and comprehensive but non-integrated 
technology (combination 2) groups. All of these have S-shaped relative labour productivity 
growth curves similar to those exhibited for relative market shares. The difference is that the 
curves “bottom out" in 1981 instead of 1982. Thus, labour productivity gains lead market-share 
gains. Cost advantages resulting from increased productivity per worker are eventually passed on 
to consumers in the form of lower prices, and translate into increases in market share, with a lag. 
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For the purpose of our comparison, therefore, gains in labour productivity will be measured over 
the period 1981 to 1989. 


With the exception of the fabrication and assembly group, technology users enjoy a 
significant labour productivity advantage over non-users (Table 7).? Establishments with the 
largest advantages are those using technologies from the inspection and communications 
category. Their labour productivity is 1.73 times that of establishments not using any inspection 
or communications technologies. The use of other technologies is also associated with significant 
advantages. Workers in establishments using technologies from the integration and control group 
are 1.67 times more productive, automated materials handling systems 1.52 times more 
productive, combination 1--comprehensive and integrated use--is 1.47 times more productive, and 
combination 3--integrated production process use--is 1.45 times more productive. Establishments 
having less of a labour productivity advantage are those using manufacturing information systems 
(1.27 times more productive), design and engineering (1.18 times more productive), and 
combination 2--comprehensive but non-integrated use--(1.15 times more productive). 
Surprisingly, establishments using technologies in fabrication and assembly do not have a labour 
productivity advantage over non-technology users. Fabrication and assembly also has one of the 
lowest adoption rates. 


Table 7 
Relative Productivity of Technology Users (Shipment Weighted) 


Technology Group Group Relative Relative 
Number Productivity 1981 Productivity 1989 


Design and Engineering 1 1.21 (0.032) 1.18 (0.010) 
Fabrication and Assembly 2 0.87 (0.016) 1.0 (0.019) 
Automated Materials Handling Systems 3 1.35 (0.140) 1,52-¢0:097) 
Inspection and Communications 4 1.50 (0.016) 1.73 (0.012) 
Automatic Control Devices 4A 1.45 (0.007) 1.51 (0.043) 
Manufacturing Info Systems 5 1.16 (0.029) 1:27;,(0;015) 
Integration and Control 6 1.62 (0.090) 1.67 (0.045) 
Combination 1 Ci 1.28 (0.145) 1.47 (0.114) 
Combination 2 CG?) 1.04 (0.080) 1.15 (0.069) 
Combination 3 G3 1.20 (0.090) 1.45 (0.076) 


(note: standard errors are in parenthesis) 


Combining technologies from different functional groups is associated with strong labour 
productivity advantages. However, productivity per worker in combination 1 (comprehensive 
technology use with integration) is greater than combination 2 (comprehensive technology use 


As. 


without integration). Thus, for comprehensive technology use, the most significant labour — 
productivity advantages are achieved when the entire process is integrated. There is other 
evidence that supports the importance of integration in some circumstances. Used alone, 
fabrication and assembly technologies are not associated with a productivity advantage; but 
combining them with automatic control devices and integration technologies (combination 3) 
results in a significant labour productivity advantage. 


The relative productivity-per-worker advantage enjoyed by  technology-using 
establishments grew over the period of study (Figure 3). Users in all technology groups, with the 
exception of design and engineering and integration and control, have experienced significantly 
positive growth rates of relative productivity. Combination 3--integrated production process use-- 
has the highest growth rate of relative productivity over the eighties (21%), followed by 
inspection and communications (15.8%), combination 1--comprehensive integrated technology 
use--(15.1%), fabrication and assembly (14.0%), automated materials handling systems (12.4%), 
combination 2--comprehensive but non-integrated technology use--(10.5%), and manufacturing 
information systems (10.0%). Hence, establishments generally increase their labour productivity 
advantage over time, as they become more familiar with the capabilities of their chosen 
technology sets. 


Figure 3: Growth Rate of Relative Productivity, 
1981-1989 
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(note: growth rates are significantly different from zero at the 5% level, with the exception of groups 1 and 6) 


Still, it is apparent that comprehensive use is not always associated with a productivity 
performance which is superior to intensive use. For example, even though inspection and 
communications is the functional group with the highest rate of productivity growth (15.8%), 
when combined with technologies from other groups (groups 1, 2, 5, and 6 in combination 1, or 
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groups 1, 2, and 5 in combination 2), the productivity growth rate actually falls (15.1% for 
combination 1, 10.5% for combination 2). Conversely, when inspection and communications 
technologies are combined with technologies from fabrication and assembly and automatic control 
devices, users achieve the highest relative productivity growth rate, 21% over the 10 year period. 


Similarly, establishments using fabrication and assembly technologies do better when they 
also use technologies from the integration and control category. Used alone, fabrication and 
assembly technologies have a productivity growth rate of 14% over the decade. In combinations 
that include both fabrication and assembly and integration and control technologies, the growth 
rate increases to 15% for combination 1 and 21% for combination 3. The growth rate falls, 
however, to 10.5% for combination 2, which includes fabrication and assembly but not integration 
and control technologies. 


Establishments whose technology use is characterized by combination 3--the integrated 
production-process technology group--have the highest relative productivity growth rate (21%). 
They also achieve the highest market-share growth rate of any technology group. This suggests 
that the greatest benefits, in terms of market share and productivity growth, accrue to 
establishments managing to solve the puzzle of implementing advanced computer-based 
technologies on the shop floor. | 


4.3. Employment Share and Relative Wage Rates 


The use of technology in manufacturing, and its success or failure as measured by relative 
market share and productivity growth, impacts directly and indirectly on the share of employment 
attributed to, and the relative wage rate paid by, technology-using firms. The next three sections 
attempt to establish a relationship, at the national and industry level, between successful 
technology implementation and these two inputs into the manufacturing process. 


4.3.1 Employment Share 


On average, technology-using establishments have gained market share at the 
expense of non-users, and have increased their labour productivity advantage. How this affects 
the relative employment share of technology users is not immediately clear. Relative labour 
productivity and market share have offsetting effects on the relative employment share. Ceteris 
paribus, increases in market-share will increase output, the demand for workers, and employment; 
whereas, increases in labour productivity will decrease the demand for workers and employment 
at the current level of output. To investigate the net impact of these two forces, the shares of 
production workers employed by technology users relative to non-users is calculated. 


The percentage point change in the employment and market shares of technology users 
over the period 1982-1989 is presented in Figure 4, by technology group. On average, the change 
in employment share is lower than the change in market share because of gains in relative labour 
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productivity. The impression of weak employment share gains is borne out by examination of the 
industry results. Only in two technology groups--design and engineering, and fabrication and 
assembly--are employment share gains positive at the national level and in the majority of 
industries. Elsewhere, small positive gains in inspection and communications, manufacturing 
information systems, and combinations 1 and 2 at the national level do not translate into 
employment share growth in a majority of industries.” 


Figure 4: Change in Market and Employment Share, 1982-1989 
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4.3.2. Growth in Relative Wage Rates By Technology Group, National Level 


To investigate the effects of technology adoption on the relative wage rates paid 
by technology-using establishments, income per production worker in_ technology-using 
establishments is compared to income per production worker in non-technology-using 
establishments for the period 1980 through 1989." Contrary to the other two measures, this 
index has increased continually from the beginning of the period, therefore no end-point 
adjustments are required. For comparability to the relative productivity index, however, 1981 is 
used as the base year for the relative wage-rate index. 


Establishments using advanced manufacturing technologies pay significantly higher wages 
than non-technology-using establishments for all technology groups in both 1981 and 1989 (Table 
8).'7 In 1989, establishments using technologies from the inspection and communications group 
pay the highest relative wage rate, 1.31 times the rate for non-users. Integration and control is 
second (1.28 times), followed by combination 1 (1.27 times), combination 3 (1.26 times), 
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combination 2, automated materials handling, and design and engineering (each 1.17 times), 
fabrication and assembly (1.12 times), and manufacturing information systems (1.10 times). Thus, 
workers in technology-using establishments earn more per year, on average, than their 
counterparts in non-technology-using establishments. 


An explanation for the wage-rate differential between users and non-users may be that 
establishments adopting increasingly complex technologies must pay higher wages to attract 
workers with the appropriate skill levels. This hypothesis is supported by a US study which found 
that the higher wages paid, on average, by technologically advanced plants can be explained by 
the higher skill level of their employees (Doms, Dunne, and Troske, 1994). Certainly, the wage | 
rate paid by an establishment is related to its productivity. A Spearman correlation test of the 
data used here shows that relative wage rates are positively correlated with relative productivity 
across technology groups, and this relationship grows stronger over the decade. Hence, the use 
of advanced manufacturing technologies is associated with higher skilled, higher paid, and more 
productive workers, as compared to non-technology users. 


In addition to the disparity between wage rates paid by users and non-users, there also 
exists a wage-rate disparity within the set of technology-using firms. The functional groups can 
be differentiated by the degree to which they are directly imbedded in the production process or 
serve to manage it via diagnostics, monitoring, and quality control. The former are involved 
directly in the creation of production; the latter enhance management productivity.'> We refer to 
those functional groups containing imbedded technologies as “blue collar” and those containing 
production management technologies as “white collar.” 


Table 8 
Relative Wage Rates of Technology Users (Shipment Weighted) 


Relative Wage Relative Wage 


Technology Group Group 
Number Rate 1981 Rate 1989 
Design and Engineering 1 1.14 (0.008) 1.17 (0.005) 
Fabrication and Assembly 2 1.08 (0.006) 1.12 (0.006) 
Automated Materials Handling Systems 3 1.14 (0.024) 1.17 (0.038) 
Inspection and Communications 4 1.21 (0.002) 1.31 (0.002) 
Automatic Control Devices 4A 1.18 (0.002) 1.25 (0.005) 
Manufacturing Info Systems 5 1.06 (0.006) 1.10 (0.007) 
Integration and Control 6 1.19 (0.014) 1.28 (0.013) 
Combination 1 Cl 1.21 (0.034) 1.27 (0.035) 
Combination 2 @ 1.14 (0.023) 1.17 (0.027) 
Combination 3 Ce 1.16 (0.025) 1.26 (0.024) 
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(note: standard errors are in parenthesis) 
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The highest relative wages are paid, both at the beginning and the end of the period, by 
those establishments using "white-collar" technologies (i.e. inspection and communications). 
Relative wages in the "blue-collar" technology-using establishments (i.e. fabrication and assembly) 
are among the lowest . Furthermore, this disparity is growing--across technology groups, relative 
wage-rate growth over the period 1981-89 is positively correlated with the 1981 relative wage 
rate. Figure 5 shows that wage-rate growth in the “blue-collar” fabrication and assembly group is 
4% but relative wage-rate growth is closer to 8% in the “white-collar” inspection and 
communications group. 


Figure 5: Growth Rate of Relative Wages, 1981-1989 
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(note: growth rates significantly greater than zero at the 5% level, using a one-tailed t-test) 


4.3.3. Industry Level 


National averages show increases in relative wage-rates in all technology groups. 
To investigate whether this holds across industries, relative wage rates for technology users are 
calculated at the two-digit industry level. 


Excluding the seldom used automated materials handling category, relative wage rates 
increase in at least 11 of the 15 two-digit industries in each individual functional group. The 
national results for the various combinations of technologies do not generalize as easily. They are 
the result of strong relative-wage increases in a small subset of industries, especially for 
combination 1 where only 6 out of 15 industries experienced relative-wage increases. 
Combinations 2 and 3 have increases in 10 and 11 industries, Rete aN These results broadly 
reflect those for market-share gain at the industry level. 
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“a Population Estimates: The Effect of Adding Small Firms 


An alternate method of examining the effects of technology adoption is to use the sample 
of establishments to infer changes that have occurred in the population. This can be done using 
the sampling weights derived from the 1989 survey. This section explores the results of using the 
4,000 observations in the study group to infer changes that occurred in the population of some 
40,000 manufacturing establishments. Results for the population will differ from those of the 
study group to the extent that small and large plants experience different effects from the use of 
advanced technology. The study group consists predominantly of large establishments while the 
population consists primarily of small establishments. 


When results are calculated for the population,’ it is still the case that advanced 
technology users experience gains in market share, relative productivity and relative income per 
production worker. There are, however, some interesting changes in the relative size and rate of 
change across technology groups, that show that the success of small firms stems more from the 
use of individual functional group technologies than from integrated combinations. In comparison 
with the study group results, market-share growth rates in the population are significantly higher 
in all individual functional groups, while slightly lower in two of the three combinations (Figure 
6). Since small plants are more likely to use advanced technologies in only one area of the 
production process while larger plants are more likely to combine technologies across groups, and 
since the study group used previously in this study heavily weights large plants, the use of 
population data assigns greater importance to functional group use and less importance to 
combinations. Population data suggests that high rates of market-share growth are associated 
with a broader set of technology options than is the case with the study group. 


Figure 6: Comparing Market Share Growth Rates of the 
Study Group and the Population, 1982-1989 
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Population estimates of the productivity advantage of technology-using firms produce 
very few changes. Compared to the study group, the growth rates of labour productivity in 
*white collar” functional groups, like inspection and communications, increase; the productivity 
growth rates of “blue collar” functional groups, like fabrication and assembly, decline, but are still 
positive. Finally, integration becomes even more important to success than was found previously. 


When population data are used, changes in employment share are larger in eight of the ten 
technology groups (Figure 7). Increases are particularly large in the functional groups, where 
market share gains are the largest. The difference between the results for the study group and the 
population strongly suggest that employment gains are coming in smaller, rather than larger, 
plants-- a finding compatible with the research reported in Baldwin and Picot (1994). 


Figure 7: Comparing Change in Employment Share of the 
Study Group and the Population, 1982-1989 
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6. Conclusion 


It is clear that the inspection and communications group, and in particular its control 
function, is where computer-based technologies have made the greatest impact. More 
establishments adopt technologies from inspection and communications than any other technology 
group. Irrespective of whether the study-group or population estimates are used, establishments 
using inspection and communications technologies have the highest relative market share and 
labour productivity ratio, and one of the highest relative wage rates compared to users of 
technologies from other functional groups. Inspection and communications technologies are 
critical to success when combining technologies across functional groups. Further, the relative 
labour productivity and wage rates of establishments using inspection and communications 
technologies are growing faster than elsewhere. 
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The adoption of inspection and communications technologies has had widespread effects on 
the firm, including changes in organizational structure. The development of communications and 
control technologies has dramatically reduced the costs of acquiring and utilizing information. 
Communications technologies facilitate the collection of information. Control technologies allow 
that information to be used to manage processes, but only if the information can be digested. 
Successful adoption of these technologies into the production process has required new 
techniques to filter and digest the information. 


Old structures, not meant to filter constantly changing and expanding information, have had 
to be modified. As a result, changes in management structure have eliminated many middle 
management positions. Individuals who performed routine information collection--collection 
which is now better done by machine--are no longer needed. Machines can filter information, 
repackage it and send it directly to senior management without the need for human intervention 
by middle managers. Computers collect information and pass it along more quickly, and in more 
variants, than human intervention could previously accomplish. 


Communications and control systems have also replaced routinized decision-making where 
decisions could be readily codified. Decisions on warehousing and inventory planning are now 
handled on a routine basis by computer-based planning systems. These and other management 
information systems often provide the first applications of artificial intelligence systems--making 
decisions that change as information is fed into the process and that lead the machine to change 
the decision rule as well. | 


At the same time as some managers are being replaced, the functions of the remaining 
managers are changing. They have moved from basic filtering and monitoring functions (machines 
now do this) to searching for new ways to put the machines to use. Accompanying this 
development are further changes in organizational structure. Flexible organizational structures, 
new work arrangements, and empowerment are several of the means by which firms attempt to 
find ways to allow employees to respond to the increases in information that have been generated 
by these new communications and control technologies. The “new organization” of work 
encourages employees to participate in improving the company’s position--from the factory floor, 
to the R&D shop, to management. This is made possible by the emergence of computers that 
facilitate the “flow of information” between all parts of the organization as well as with customers 
and suppliers. 


Training has also become important in those firms that are generally the most technologically 
advanced (see Baldwin and Johnson, 1994b). Some of this is aimed at teaching specific skills, but 
much of this is aimed at enhancing the ability of both managers and production workers to 
process signals and to react to them. 


Total quality management programs have also evolved as firms find additional uses for the 
new information that the communications and control technologies provide. Additional 
information means that monitoring programs are far more detailed than in the past. This in turn 
has led to a substantial improvement in quality control. Increased monitoring is allowing 
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substantial reductions in the rejection rate of particular products. More importantly, quality 
control is being extended to encompass the concept of total quality management, through 
certification of stages in the production process. This is a technique involving the codification of 
rules, allowing managers to standardize the processes of monitoring and control. It establishes 
benchmarks against which success can be measured at the establishment level. The fact that 
certification programs in the area of total quality management have developed to their present 
advanced status shows the dramatic effects and relative maturity of communications and control 
technologies. 


Another outgrowth of the information explosion associated with the communications and 
control revolution is the stress that has been placed on bench-marking as a firm strategy. Bench- 
marking is a type of quality control, based on the performance of state-of-the art competitors. 
Like total quality management, it requires large bodies of information to be digested, indexed, 
categorized, and given a priority. To be done well, it has to be integrated into a firms’ 
management information system. Once more, computer-based technologies are essential for the 
development of this strategy. 


In contrast to communications and control functions, the computer revolution has had less of 
an effect on the factory floor. Fabrication and assembly has one of the lowest adoption rates of all 
the functional groups. It is surpassed by those in inspection and communications, design and 
engineering, and manufacturing information systems. Considerable progress remains before the 
futuristic depiction of the factory floor production process (where machines control machines, 
where robots replace people) is a widespread phenomenon. It is, however, the case that success 
in small plants, both in terms of market share and employment gains, is closely associated with the 
use of advanced fabrication and assembly technology. 


Another area that lags is the use of integration and control technologies, with an adoption 
rate just behind that of fabrication and assembly. However, establishments using these 
technologies have been growing more rapidly when combined with fabrication and assembly 
technologies and automatic control devices (Combination 3). These establishments also have one 
of the highest rates of increase in relative labour productivity and wages. 


Use of integration is low because comprehensive technology is not widely used. It-is rare to 
find each of several functional technologies--design, fabrication, inspection, and manufacturing 
information systems--used in one establishment. Some of this may simply arise because smaller 
establishments specialize in less than a full range of activities, but this is probably not the most 
important explanation. Rather, like integration and control, meshing the separate facets of the 
new computer technologies is difficult. Mastering the adoption of a diverse set of new 
opportunities takes time. 


The adoption of both communications and fabrication technologies have high payoffs. Both 
are associated with significant market share and labour productivity gains; however, inspection 
and communications technologies have already spread throughout the system, while fabrication 
and assembly technologies have not yet experienced the same diffusion. This difference is 


= 38 


probably related to the size of the market and the degree of specialization permitted in terms of 
third-party services. Communications problems are common to different firms and processes, and 
specialized firms have evolved to solve these problems. Competition in this sector is intense. 
Even where solutions have to be tailored to individual needs, knowledge from outside the 
organization can be easily imported to produce a solution. Diffusion proceeds rapidly here. 


By way of contrast, the successful incorporation of advanced computer-related technologies 
into the production process is more idiosyncratic. Production processes differ across industries 
(and even within industries because of plant-size differences). Specific technology adaptation for 
fabrication technologies has to be done more frequently at the level of the firm. The knowledge 
that is required for successful operation may also be of the type that is not readily transferred, 
because the development of this knowledge requires experimentation with the unique production 
processes of individual firms. This is especially the case with integrated systems that involve 
fabrication and assembly. The spread of a technology is slower here because of the inherent 
problems associated with the knowledge transfer of highly specific information. 


In the future, we should expect to find continuing changes in the fabrication and assembly 
stage as the highly specific production problems of each firm are gradually resolved by a 
workforce that becomes increasingly familiar with solutions that have worked previously in 
different, but related, situations. Networking and the cooperation of firms within clusters--that 
Von Hippel (1988) has described--should contribute to the increase in applications in this area. 
This is not to say that the information revolution is over in areas of established technologies. New 
applications will continue to be developed, and the declining cost of computer power will 
facilitate experiments aimed at developing new methods of acquiring, organizing, and analyzing 
information. 


One final area where the effects of advanced technologies have also been felt is wage 
structures. In recent years, inequality in the distribution of earnings has widened. Debate has 
revolved around the sources of this change. Evidence on relative wage. rates presented here 
suggests that the earnings distribution is broadly related to technology use. Establishments with 
advanced manufacturing technologies pay higher wages than those without. Moreover, the wage 
rate differential has grown fastest in those technology groups where relative wages were initially 
greatest. More evidence is required before the full effects of the technology revolution on wages 
can be fully estimated, but the results presented here are suggestive of the direction that the 
research can pursue. 
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NOTES 


10. 


See the Economist (1994). 
For the US experience, see David (1990). 


The survey is based on a representative sample of establishments in the Canadian 
manufacturing sector. There are 4,200 establishments in the sample, of which 3,952, or 
94%, responded 


The sample of establishments asked to complete the 1989 SMT is based on a 1985 frame. 
Linking the SMT to panel data for the period 1980-89 means that the sample includes 
neither the deaths between 1980 and 1985 nor the births between 1985 and 1989. Thus, 
the amount of share change will be understated since some deaths of non-users and some 
births of users have been excluded. The reader should consider this paper to be a 
summary of what happens in what is essentially a panel of continuing establishments. 
Corrections which we have made for under-reported births and deaths (not reported here) 
substantially strengthen the story that market-share gains are associated with technology 
use. 


These market shares are not to be confused with the population estimates presented in the 
previous section. The shares here refer just to the panel of 4,200 establishments that are 
linked to the 1989 survey. 


Growth rates are calculated by dividing the difference between the two end-point years by 
the base year. 


If we treat the study group as a sample, standard statistical tests can be used. To examine 
the significance of the market-share growth rates, non-parametric tests are used. They 
confirm that the median rate of market share growth in every category is significantly 
greater than zero. 


Output per worker for a technology group is calculated as the sum of all output divided by 
the sum of all workers, which is equivalent to the employment-weighted average of output 
per worker. 


Using a two-tailed t-test, the relative productivity measures of all technology groups are 
significantly different from one. 


These results say nothing about the effects of relative market share and productivity on 
overall levels of employment. Employment rates cannot be inferred from the rate of 
change of employment share, since even where the share of employment is decreasing over 
time, overall employment may be increasing in an industry or economy that is growing. 
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13. 


14. 


286< 


Income per worker for a technology group is calculated as total production-worker wages 
divided by total production workers in that group, which is just the employment-weighted 
average wage. 


Using a two-tailed t-test, the relative wage rate measures of all technology groups are 
significantly different from one. 


For a broader, but related classification, see Strassmann (1990). 


For this we use the 1989 probability weights attached to the 1989 survey. 


yp 


REFERENCE 


Baldwin, J.R. and Johnson (1994a). "Business Strategies in Innovative and Non-Innovative Firms 
in Canada", Research Paper #73, Analytical Studies Division, Statistics Canada. 


Baldwin, J.R. and Johnson (1994b). "Human Capital Development and Innovation: The Case of 
Training in Small- and Medium-Sized Enterprises", Research Paper #74, Analytical Studies 
Division, Statistics Canada. 


Baldwin, J.R. and G. Picot (1994), «Employment Generation by Small Producers in the Canadian 
Manufacturing Sector», Research Paper #70, Analytical Studies Division, Statistics Canada. 


David, Paul (1990), "The Dynamo and the Computer", American Economic Review, Papers and 
Proceedings. 


Doms, M. and T. Dunne and K. Troske (1994), «Workers, Wages, and ble ap read te mimeo 
Center for Economic Studies, U.S. Census Bureau. 


The Economist (1994), "A Survey of Manufacturing Technology", Mar. 5, pp.2-18. 


Fortier, Y. and L.M. Ducharme and F. Gault (1993), "A Comparison of the Use of Advanced 
Manufacturing Technologies in Canada and the United States",STI Review, No. 12, pp.81-100. 


National Research Council, Corporate Planning and Evaluation (April, 1994), National Systems 
of Innovation: A Research Paper on Innovation and Innovation Systems in Canada. 


Northcott, J. and G. Vickery (1993), "Surveys of the Diffusion of Microelectronics and Advanced 
Manufacturing Technology", ST Review, No.12, pp.7-35. 


Strassmann, P.A. (1990), The Business Value cr Computers, Connecticut: Information Economic 
Press 


Vickery, G. and D. Campbell (1989), "Advanced Manufacturing Technology and the 
Organization of Work", STI Review, No.6, pp.105-146. 


Von Hippel, E. (1988), The Sources of Innovation. Oxford: Oxford University Press. 


VP . ‘en 


aren , 


wer ou en 
ae u Virus 


a= aD 


: snes edt! LORE) waleost . Has areal 3 ~\ | bar Das ‘ 
aS ; ma ‘ : Vee RAS. 2G “ep sedalatté ot wuyrone pie: 
=e ie tt in ‘oe 
BL Sa sat: quote Rages 4 sushi to: GORI ne ame i 


Da A,. 1 iM. ook ‘alge ha ti ph x TERT PETA ® “ ears + iepeaiaale ty 
7-18, Bi SEO nee ea ir ark bs re wise ec ath: ‘ean 


a Me 
ye i ear aes Henley ainizgols 08 fing gedaan. T-atg3 ote } Pecoe do 
MOTE a na oneal, ie abla a un MUSE GR HO *F abet seamen 


- 


Bega yt’ bine som ianuees aftto cys” (8 “fy iene’ 2 is Me 
ce Ready eee on tT Sh, WW me Ye: "yatcniont ge 


eG eer Mas oa ay snag hy tesa iy Teamiants wt “ERO T) 


i + 
ie 8 fab 


at igak* vast tate LisoeaiwbnA!" gS) issn? 0 bas 2 
ae, (ORL ga ait. onus VER), "sO Sep aa 


a ring oti snes onyd ee yaMand wk (SLL) a 
; (i P | : : 
fi : 

: ae Of | 

. t 4 4 ? ; of F 
TPs, : 
“4 : A . 
_e a ol 
; u $a 
ay : aps a f 
eee ‘ - nae re - i, : 


No. 


14, 


1S.. 


16. 


ANALYTICAL STUDIES BRANCH 
RESEARCH PAPER SERIES 


Behavioural Response in the Context of Socio-Economic Microanalytic Simulation, 
Lars Osberg 


Unemployment and Training, Garnett Picot 
Homemaker Pensions and Lifetime Redistribution, Michael Wolfson 
Modeling the Lifetime Employment Patterns of Canadians, Garnett Picot 


Job Loss and Labour Market Adjustment in the Canadian Economy, 
Garnett Picot and Ted Wannell 


A System of Health Statistics: Toward a New Conceptual Framework for Integrating 
Health Data, Michael C. Wolfson 


A Prototype Micro-Macro Link for the Canadian Household Sector, 
Hans J. Adler and Michael C. Wolfson 


Notes on Corporate Concentration and Canada’s Income Tax, Michael C. Wolfson 

The Expanding Middle: Some Canadian Evidence on the Deskilling Debate, John Myles 
The Rise of the Conglomerate Economy, Jorge Niosi 

Energy Analysis of Canadian External Trade: 1971 and 1976, KE. Hamilton 

Net and Gross Rates of Land Concentration, Ray D. Bollman and Philip Ehrensaft 


Cause-Deleted Life Tables for Canada (1972 to 1981): An Approach Towards Analyzing 
Epidemiological Transition, Dhruva Nagnur and Michael Nagrodski 


The Distribution of the Frequency of Occurrence of Nucleotide Subsequences, Based on 
Their Overlap Capability, Jane F. Gentleman and Ronald C. Mullin 


Immigration and the Ethnolinguistic Character of Canada and Quebec, 
Réjean Lachapelle 


Integration of Canadian Farm and Off-Farm Markets and the Off-Farm Work of Women, 
Men and Children, Ray D. Bollman and Pamela Smith 


I Of 


18. 


19. 


20. 


Zi) 


22. 


2}, 


24. 


25: 


2G: 


PA fe 


28. 


Wages and Jobs in the 1980s: Changing Youth Wages and the Declining Middle, 
J. Myles, G. Picot and T. Wannell 


A Profile of Farmers with Computers, Ray D. Bollman 
Mortality Risk Distributions: A Life Table Analysis, Geoff Rowe 


Industrial Classification in the Canadian Census of Manufactures: Automated 
Verification Using Product Data, John S. Crysdale 


Consumption, Income and Retirement, A.L. Robb and J.B. Burbridge 
Job Turnover in Canada’s Manufacturing Sector, John R. Baldwin and Paul K. Gorecki 


Series on The Dynamics of the Competitive Process, 
John R. Baldwin and Paul K. Gorecki 


Firm Entry and Exit Within the Canadian Manufacturing Sector. 

Intra-Industry Mobility in the Canadian Manufacturing Sector. 

Measuring Entry and Exit in Canadian Manufacturing: Methodology. 

The Contribution of the Competitive Process to Productivity Growth: 
The Role of Firm and Plant Turnover. 

Mergers and the Competitive Process. 

(in preparation) 

Concentration Statistics as Predictors of the Intensity of Competition. 

The Relationship Between Mobility and Concentration for the Canadian 
Manufacturing Sector. 


SH ene 


pO) os 


Mainframe SAS Enhancements in Support of Exploratory Data Analysis, 
Richard Johnson and Jane F. Gentleman 


Dimensions of Labour Market Change in Canada: Intersectoral Shifts, Job and Worker 
Turnover, John R. Baldwin and Paul K. Gorecki 


The Persistent Gap: Exploring the Earnings Differential Between Recent Male and 
Female Postsecondary Graduates, Ted Wannell 


Estimating Agricultural Soil Erosion Losses From Census of Agriculture Crop Coverage 
Data, Douglas F. Trant 


Good Jobs/Bad Jobs and the Declining Middle: 1967-1986, Garnett Picot, John Myles, 
Ted Wannell 


29. 


30. 


31. 


2. 


a3) 


34. 


py 


36. 


37% 


«38. 


39. 


40. 


41. 


42. 


43. 


44. 


Longitudinal Career Data for Selected Cohorts of Men and Women in the Public Service, 
1978-1987, Garnett Picot and Ted Wannell 


Earnings and Death - Effects Over a Quarter Century, Michael Wolfson, Geoff Rowe, 
Jane F. Gentleman and Monica Tomiak 


Firm Response to Price Uncertainty: Tripartite Stabilization and the Western Canadian 
Cattle Industry, Theodore M. Horbulyk 


Smoothing Procedures for Simulated Longitudinal Microdata, Jane F. Gentleman, 
Dale Robertson and Monica Tomiak 


Patterns of Canadian Foreign Direct Investment Abroad, Paul K. Gorecki 


POHEM - A New Approach to the Estimation of Health Status Adjusted Life Expectancy, 
Michael C. Wolfson 


Canadian Jobs and Firm Size: Do Smaller Firms Pay Less?, René Morissette 


Distinguishing Characteristics of Foreign High Technology Acquisitions in Canada’s 
Manufacturing Sector, John R. Baldwin and Paul K. Gorecki 


Industry Efficiency and Plant Turnover in the Canadian Manufacturing Sector, 
John R. Baldwin 


When the Baby Boom Grows Old: Impacts on Canada’s Public Sector, Brian B. Murphy 
and Michael C. Wolfson 


Trends in the Distribution of Employment by Employer Size: Recent Canadian Evidence, 
Ted Wannell 


Small Communities in Atlantic Canada: Their Industrial Structure and Labour Market 
conditions in the Early 1980s, Garnett Picot and John Heath 


The Distribution of Federal/Provincial Taxes and Transfers in Rural Canada, 
Brian B. Murphy 


Foreign Multinational Enterprises and Merger Activity in Canada, John Baldwin and 
Richard Caves 


Repeat Users of the Unemployment Insurance Program, Miles Corak 


POHEM .-- A Framework for Understanding and Modeling the Health of Human 
Population, Michael C. Wolfson 


45. 


46. 


47. 


48. 


49. 


50. 


ay fr 


ayy 


ayer 


54. 


=P 


50, 


7: 


58. 


59) 


60. 


61. 


A Review of Models of Population Health Expectancy: A Micro-Simulation Perspective, 
Michael C. Wolfson and Kenneth G. Manton 


Career Earnings and Death: A Longitudinal Analysis of Older Canadian Men, 
Michael C. Wolfson, Geoff Rowe, Jane Gentleman and Monica Tomiak 


Longitudinal Patterns in the Duration of Unemployment Insurance Claims in Canada, 
Miles Corak 


The Dynamics of Firm Turnover and the Competitive Process, John Baldwin 


Development of Longitudinal Panel Data from Business Registers: Canadian Experience, 
John Baldwin, Richard Dupuy and William Penner 


The Calculation of Health-Adjusted Life Expectancy for a Multi-Attribute Utility 
Function: A First Attempt, J.-M. Berthelot, R. Roberge and M.C. Wolfson 


Testing The Robustness of Entry Barriers, J. R. Baldwin, M. Rafiquzzaman 
Canada’s Multinationals: Their Characteristics and Determinants, Paul K. Gorecki 


The Persistence of Unemployment: How Important were Regional Extended 
Unemployment Insurance Benefits? Miles Corak, Stephen Jones 


Cyclical Variation in the Duration of Unemployment Spells, Miles Corak 


Permanent Layoffs and Displaced Workers: Cyclical Sensitivity, Concentration, and 
Experience Following the Layoff, Garnett Picot, Wendy Pyper 


The Duration of Unemployment During Boom and Bust*, Miles Corak 
Getting a New Job in 1989-90 in Canada, René Morissette 


Linking Survey and Administrative Data to Study Determinants of Health, 
P. David, J.-M. Berthelot and C. Mustard 


Extending Historical Comparability in Industrial Classification, John S. Crysdale 


What is Happening to Earnings Inequality in Canada?, R. Morissette, J. Myles and 
G. Picot (June/94) 


Structural Change in the Canadian Manufacturing Sector, (1970-1990), John Baldwin 
and M. Rafiquzzaman (July/94) 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


fi. 


fe, 


73. 


74. 


TD: 


70. 


Unemployment Insurance, Work Disincentives, and the Canadian Labour Market: An 
Overview*, Miles Corak (Jan/94) 


Recent Youth Labour Market Experiences in Canada, Gordon Betcherman and 
René Morissette (July/94) 


A Comparison of Job Creation and Job Destruction in Canada and the United States, 
John Baldwin, Timothy Dunne, John Haltiwanger (July/94) 


What is Happening to Weekly Hours Worked in Canada?, René Morissette and 
Deborah Sunter (June/94) 


Divergent Inequalities -- Theory, Empirical Results and Prescriptions, 
Michael C. Wolfson (May/95) 


XEcon: An Experimental / Evolutionary Model of Economic Growth, 
Michael C. Wolfson (June/95) 


The Gender Earnings Gap Among Recent Postsecondary Graduates, 1984-92, _ 
Ted Wannell and Nathalie Caron (Nov/94) 


A Look at Employment-Equity Groups Among Recent Postsecondary Graduates: 
Visible Minorities, Aboriginal Peoples and the Activity Limited, 
Ted Wannell and Nathalie Caron (Nov/94) 


Employment Generation by Small Producers in the Canadian Manufacturing Sector, 
J. Baldwin, G. Picot (Nov/94) 


Have Small Firms Created a Disproportionate Share of New Jobs in Canada? A 
Reassessment of the Facts, G. Picot, J. Baldwin and R. Dupuy (Nov/94) 


Selection Versus Evolutionary Adaptation: Learning and Post-Entry Performance, 
J. Baldwin and M. Rafiquzzaman (May/95) 


Business Strategies in Innovative and Non-Innovative Firms in Canada, J. Baldwin and 
J. Johnson.(March/95) 


Human Capital Development and Innovation: The Case of Training in Small and 
Medium Sized-Firms, J. Baldwin and J. Johnson (March/95). 


Technology Use and Industrial Transformation: Emprirical Perspectives, 
John Baldwin, Brent Diverty and David Sabourin (Aug/95) 


Innovation: The Key to Success in Small Firms, John R. Baldwin (Feb/95) 


VS The Missing Link: Data on the Demand side of Labour Markets, 
Lars Osberg (April/95) 


78. Restructuring in the Canadian Manufacturing Sector from 1970 to 1990: Industry and 
Regional Dimensions of Job Turnover, J. Baldwin and M. Rafiquzzaman (July/95) 


79. Human Capital and the Use of Time, Frank Jones (June/95) 


80. Why Has Inequality in Weekly Earnings Increased in Canada?, 
René Morissette (July/95) 


81. | Socio-Economic Statistics and Public Policy: A New Role For Microsimulation Modeling 
by Michael C. Wolfson (July/95) 


For further information, contact the Publications Review Committee, Analytical Studies Branch, 
R.H. Coats Bldg., 24th Floor, Statistics Canada, Tunney’s Pasture, Ottawa, Ontario, KIA OT6, 
(613) 951-1804. 


